Purpose: To examine the extent to which sentences retain their levels of spoken intelligibility relative to other sentences in a set (the sentence effect ) across different types of signal distortion. Method: The Central Institute for the Deaf (CID) sentences were rendered difficult to understand through the addition of broadband noise. These intelligibility data were compared with those from previous studies in which the sentences were distorted through filtering and visual-only conditions of speechreading. The extent to which the various sentences retained their intelligibility rankings was examined using an analysis of variance model and by correlating individual sentence means across conditions. Results: The sentences accounted for a large portion of the variance, and individual sentence scores were highly correlated across conditions involving a single distortion type. However, correlations were lower when conditions involving noise were compared with those involving filtering. Surprisingly, correlations across auditory distortions were almost identical to those observed across auditory and visual modalities. These comparisons, reflecting the consistency of sentence difficulty independent of presentation characteristics, accounted for approximately 25% of the variance in sentencerecognition performance. Conclusion: There exists a sentence effect that holds across various types of signal distortion, but the strongest form is restricted not only within modalities but within particular forms of distortion.
T o obtain sentence intelligibility values below the performance ceiling at 100%, it is usually necessary to degrade or distort the speech signal so that the effects of various manipulations can be observed. However, at least under some controlled types of acoustic distortion, it is apparent that sentences tend to retain their relative intelligibilities: Sentences that are difficult (or easy) to understand in one condition are also the sentences that are difficult (or easy) to understand in other conditions. The sentence effect was recently defined as the extent to which a spoken sentence retains its intelligibility relative to other sentences in a set across various listeners and conditions ( Healy & Montgomery, 2006 ).
An understanding of this phenomenon has two potential implications. The first is practical and involves the creation of speech-recognition tests having various desired characteristics. For example, it may be desirable to have tests capable of distinguishing mild hearing loss from normal hearing (NH). Tests having this sensitivity can be specifically designed using, for example, the a priori assumption that sentences differing only in particular phonetic contrasts are more difficult for certain listeners to accurately perceive (e.g., Bochner, Garrison, Sussman, & Burkard, 2003) . However, sensitivity may also be increased by avoiding sentences that are easily or poorly understood by most listeners and by the selection instead of sentences having a particular level of difficulty. In contrast, there has also been interest in materials having various graded levels of difficulty for use in aural (re)habilitation (e.g., Kopra, Kopra, & Abrahamson, 1986) .
It is potentially important, for the design of such instruments, to understand the extent to which listeners are consistent in their performance on various sentences. It is also potentially important to understand the extent to which sentences retain their relative difficulty when degraded in ways that differentially alter the acoustic representations. This may be particularly relevant given the increasing recent interest in tests capable of accurately assessing performance in cochlear implant (CI) users. If the difficulty of particular sentences is limited to particular acoustic manipulations, then normative test data involving performance of listeners with NH may not be applicable to CI users because of the large differences in acoustic cue encoding between NH and CIs.
A second implication of the sentence effect is more general. The perception of everyday sentences is a potentially complex interaction among a number of factors. Many of these factors are acoustic and include the reception of various temporal and spectral speech cues. Another set of factors can be considered linguistic and involves aspects such as sentence structure, word frequency, and topic familiarity. The first set of factors is susceptible to particular forms of signal degradationfiltering disrupts the acoustic signal in ways that are quite different from the addition of broadband noise. In contrast, the linguistic aspects of a sentence are relatively independent of its particular acoustic manifestation (or visual manifestation, in the case of speechreading). A greater understanding of the extent to which sentences retain their relative intelligibilities despite different conditions of degradation may lead to a better understanding of the processes underlying the perception of everyday sentences by motivating the examination of factors that contribute to the recognition of particular spoken sentences.
To observe the sentence effect, the potential for its existence in a particular set of materials is necessary. There must be a range of intelligibility values across the sentences based on the group mean intelligibility of each sentence. This range of values results in a clear ranking of the sentences within the set without many tied ranks. The Central Institute for the Deaf (CID) Everyday Speech sentences meet this criterion. Although revisions to the original list exist, the original 100 sentences are well suited for the study of the sentence effect because the individual sentences vary so widely in intelligibility in any given condition. They also vary widely in length (2-12 words) and sentence structure, including declarative and imperative statements and two forms of questions (see Davis & Silverman, 1978, Appendix) .
In our first examination of the sentence effect (Healy & Montgomery, 2006) , two types of analyses were used. In one type, the initial stages of generalizability analysis were used to determine the variance accounted for by various factors in an analysis of variance (ANOVA) model. The percentage of key words correct per sentence per listener served as the dependent variable. The variance attributable to the sentences and the interaction between condition and sentence in the ANOVA model provided a measure of the extent to which the sentences had different intelligibilities in different conditions. For example, a sentence that was 6th in the intelligibility ranking in one condition and 57th in another would contribute to the interaction term. In a second type of analysis, the mean intelligibility for each of the 100 sentences was calculated, and these 100 intelligibility values were correlated across conditions and listener groups. The strength of this correlation reflected the extent to which the rank order of sentence intelligibilities was consistent across conditions or listeners.
In a first analysis of the previous study, four conditions were used, all involving filtering to a single narrow band of frequencies centered at 1500 Hz. Conditions differed primarily in effective bandwidth that produced group mean intelligibility values ranging from approximately 20% to 80% across conditions. It was found that the sentences were the dominant nonerror source of variance (other possible sources were attributable to the different conditions, listeners, and the Condition × Sentence interaction). Further, the Condition × Sentence interaction was small, indicating consistency in the relative intelligibilities of the 100 sentences across conditions. These results indicated that the processing required for production of the widely varying mean intelligibilities did not differentially affect the intelligibilities of the individual sentences within the list to a large extentthe sentence effect held across this wide range of mean intelligibilities.
In a second analysis, different conditions had similar group mean intelligibilities but consisted of pairs of filtered bands derived from different regions of the spectrum. Again, the sentences were the dominant source of nonerror variance, and the Condition × Sentence interaction was small. These results indicated that changes in the spectral content of the dual-band stimuli did not affect the intelligibilities of the individual sentences differently. Thus, the sentence effect held, to some extent, across changes in spectral content.
Correlation analyses provided additional measures of the sentence effect. In one analysis, the mean intelligibilities of the 100 sentences produced by the bestperforming 5 listeners within each of several filtering conditions were correlated with those produced by the poorest performing 5 listeners hearing the same sentences in those same conditions. Despite differing in overall performance by an average of 22%, the different listener performance subgroups demonstrated consistency in the relative intelligibility rankings of individual sentences within the set. Correlations of individual sentence means across listener subgroups in each condition were in the range of .71 to .84.
A final analysis in Healy and Montgomery (2006) was designed to examine consistency in the ranking of the 100 sentence intelligibilities when presented under filtering versus recognition of the same sentences when presented under visual-only conditions of speechreading. Recognition of the sentences was first found to be relatively consistent between two different speechreading studies employing different talkers (Demorest & Bernstein, 1992; Hinkle, 1978) . However, when the auditory filtering conditions were compared with the speechreading conditions, it was found that correlations were lower (in the range of .22 to .45) than those of the withinmodality comparisons. This result indicated that the extent to which sentences retained their intelligibility rankings was weaker when they were presented across modalities.
So long as the sentences were presented in the auditory modality and distorted by filtering, the sentence effect was found to hold across conditions varying in overall level of performance, across groups of listeners displaying different levels of performance, and across different spectral regions. However, sentences that were easily understood under filtering were not necessarily the same sentences that were easily recognized visually. These findings raise several questions. One question involves whether strong sentence effect is present within forms of acoustic distortion other than filtering. The most common form of acoustic signal degradation employed in audiological testing of speech involves the addition of background noise to broadband speech. In Analysis 1 of the current study, the strength of the sentence effect was examined within this common form of signal degradation.
It was also found by Healy and Montgomery (2006) that the sentence effect was strong within the single type of auditory distortion (filtering) but was weaker across the auditory and visual modalities. An important question involves the extent to which the effect is confined only within particular modalities or whether it is also effectively confined to particular types of signal distortion within a modality. Are sentences that are easily understood when presented aurally under conditions of filtering the same sentences that are easily understood when presented in broadband noise? In Analysis 2 of the current study, the strength of the sentence effect was compared across two types of signal distortion within the auditory modality by correlating the sentence intelligibility rankings obtained in noise with those derived previously through narrow-band filtering. Finally, this relationship was compared with that obtained across the auditory and visual modalities.
Analysis 1: The Sentence Effect in Broadband Noise
Method Subjects. Thirty listeners between the ages of 18 and 45 years (mean age = 21 years) were recruited from courses at the University of South Carolina and received course credit for participating. They were native speakers of English and had audiometric thresholds of 20 dB HL or better in both ears from 250 Hz to 8000 Hz (ANSI, 1996) . Care was taken to ensure that none of the subjects had any prior exposure to the sentence materials used.
Stimuli. The same digital recording (22-kHz sampling, 16-bit resolution) of the 100 CID sentences employed by Healy and Montgomery (2006) was used here. It was produced by a professional male speaker having a standard American English dialect using a natural rate and intonation. An additional set of 10 practice sentences was drawn from the high-predictability subset of the Speech Perception in Noise test (SPIN; Kalikow, Stevens, & Elliott, 1977) . The sentences were scaled so that the peaks of the slow-response root-mean-square (RMS) averages played back at 60 dBA when transduced by headphones and measured in a flat plate coupler (Larson Davis AEC 101 and Larson Davis 800B). They were mixed with a white noise that had an RMS average level that measured 78 dBA or 80 dBA, yielding signal-to-noise ratios (S/Ns) of -18 dB and -20 dB (note that the use of signal peak levels and noise average levels yields numerically large negative S/N values). The noise began exactly 500 ms prior to the start of each sentence and ended 500 ms after the end. A 100-ms linear onset and offset ramp was applied to each noise.
Procedure. Equal numbers of subjects were randomly assigned to either the -18 dB or -20 dB S/N condition. Testing began with the 10 SPIN practice sentences presented first in quiet, then again in the noise background at the appropriate S/N. Each listener then heard all 100 CID sentences in a different random presentation order. The digital files were played back from a PC using an Echo Gina24 D/A converter and routed through a Mackie 1202VLZ mixer prior to delivery via Sennheiser HD 250II headphones. Listeners heard each sentence only once, were instructed to repeat as much of the sentence as they could, received no feedback, and were encouraged to guess if unsure of the content of the sentence. The experimenter, who was seated with the subject in an audiometric booth, controlled the delivery of sentences and recorded the number of standard scoring key words recalled correctly.
Results and Discussion
Analysis 1a: Variance accounted for. An ANOVA was used to estimate the variance components associated with three factors (and their interactions) influencing the sentence effect: the Condition (producing distortion), the Listener, and the Sentence. The variance components were then used to calculate the percentage of variance accounted for by the various factors. The Appendix shows how the variance-accounted-for values were obtained.
The ANOVA model used to generate the variance components is shown in Table 1 . This model is the same as that used by Demorest and Bernstein (1992, p. 886) as part of their generalizability analysis and by Healy and Montgomery (2006) . Listening Condition is a fixed factor, and Listener is a random factor, nested under listening Condition. The sentences are considered to be a random factor. The dependent variable was the percentage of key words correct per sentence per listener.
The group mean intelligibility in the -18 dB S/N condition was 63.7% (SD = 6.4%) and in the -20 dB S/N condition was 46.0% (SD = 7.2%). The ANOVA indicated that the main effects and interactions were all significant, p < .001. This should not be surprising given the power associated with the large degrees of freedom in the denominators of the F tests (up to 2,772) and the large range of mean intelligibilities in the listening conditions, CID sentences, and listeners. More important, the analysis generated the estimates of variance components and allowed the calculation of the percentage variance attributed to each component, as provided in Table 2 . The variance components analysis provides a measure of the strength of the sentence effect relative to the effects of the listener and the noise conditions. Table 2 shows that the second largest component of the variance accounted for (39.4%) is due to the sentences and provides an indication of the strength of the sentence effect. This is a substantial effect, considering the magnitude of the error. The measure of experimentwide error is the Sentence × Listener interaction (52.2%). Although large, this value is similar to that found for the CID sentences by Demorest and Bernstein (1992) and Adams (2002) in their studies of speechreading and by Healy and Montgomery (2006) . The error may reflect the uncertainty involved in listening to degraded versions of sentences, but it is also a result of the analysis treating each sentence, essentially, as a one-sentence test. The variance due to the listening conditions (4.8%) and the effect of listener (within each group, 2.4%) is small relative to the effects of sentence and the error term, as is the Condition × Sentence interaction (1.2%). This latter finding involving the interaction suggests that the changes in S/ N ratio required to produce the two general levels of intelligibility did not differentially affect the intelligibility of the sentences, and that the sentence effect held across the range of overall intelligibility present across the conditions (63.7% vs. 46.0%).
Analysis 1b: Correlation. Another measure of the strength of the sentence effect is obtained from the Spearman rho (SR) rank-order correlation between the mean intelligibilities of the 100 sentences under the two listening conditions. Recall that the sentence effect was defined as the extent to which sentences retain their intelligibility relative to other sentences (i.e., their intelligibility Note. The model involves two listening conditions (COND), 100 sentences (SENT), 15 listeners per condition (LISN), and interactions. SENT × LISN serves as the error term for all factors except COND, which requires the calculation of a quasi F ratio, after Winer, Brown, and Michels (1991, pp. 374-377) . Parentheses indicate nesting of listeners under condition. Expected values of mean squares are based on the Cornfield and Tukey (1956) algorithm as implemented by the BMDP 8V program (Dixon, 1992) .
ranks) under various conditions. The SR correlation provides such a measure.
1
The SR correlation between the mean intelligibilities of the 100 sentences across the two S/N listening conditions was .88 (99% confidence interval [CI]: .83, .92), indicating that approximately 77% of the variance is shared. Thus, despite the use of different groups of listeners and different S/Ns producing different levels of overall performance, the rank ordering of sentences by intelligibility across conditions remained highly consistent. Figure 1 shows this relationship.
2 Apparent from the figure is the vast range of mean intelligibility scores across the 100 sentences in a single condition and the high level of correspondence across the two groups of listeners in regard to which sentences were and were not intelligible.
The data from the two S/ N conditions were analyzed further to investigate the effect of listener ability on the sentence effect, again using the SR rank-order correlation. First, the mean intelligibility performance for each listener in each group across the 100 sentences was calculated. Then, the 5 best performing and 5 poorest performing listeners in each group were identified, and the mean intelligibility of each sentence within each abilitybased subgroup was calculated. These intelligibilities were then correlated, yielding a measure of the extent to which the sentences retained their relative intelligibilities in the performance of the best listeners compared with that of the poorest listeners. The SR correlations among the 100 sentence means from each subgroup are shown in Table 3 .
The SR correlations among the best and poorest listeners in each S/N condition were high, at .71 and .82. Notably, the correlation between the two most extreme subgroups (-18 dB best and -20 dB poorest) was .73 (53% shared variance), even though the mean intelligibilities were 70.5% and 38.9%, respectively. These data are Figure 1 . Group mean intelligibility for each of the 100 Central Institute for the Deaf (CID) sentences heard by different groups of listeners under conditions in which broadband noise was added to the sentences at two different signal-to-noise (S/N) ratios. shown in Figure 2 , which provides the mean intelligibility for each sentence produced by the best and poorest listeners in each condition. Although several sentences have mean intelligibility values at or near 100% in the -18 dB S/N condition, these scores tend to cluster at the upper right corner of the lower panel, indicating that it is the same sentences that produced these high scores across both the best performing and the poorest performing listeners in that condition.
This is a strong affirmation of the sentence effect when listening in noise, even under conditions in which overall intelligibility produced by the subgroups differed by more than 30 percentage points. The sentence effect in broadband noise appears to be strong and highly resistant to differences in listener ability, accounting for more than 50% of the variance in the mean sentence scores.
Analysis 2: The Sentence Effect Across Distortions Within the Auditory Modality
The sentence effect is strong when a single type of auditory signal distortion is used to reduce intelligibility. Healy and Montgomery (2006) found this to be true for narrow-band filtering-the sentence effect accounted for more than half the variance, on average, across conditions. It was also found to be true for the more commonly employed conditions of speech in broadband noise, as reported here-that is, regardless of listener ability or overall condition difficulty, sentences tend to retain their relative intelligibilities provided that the type of distortion remains the same.
In the current analysis, the strength of the sentence effect was examined across types of acoustic signal distortion used to reduce performance. It was determined to what extent sentences retain their intelligibility relative to other sentences in the list when distorted by filtering versus when distorted by the addition of noise. As before, two statistical methods were used. First, the percentage variance accounted for by the Condition × Sentence interaction was used as an indication of overall consistency of sentence intelligibility. Second, the SR correlations were used to determine the consistency of sentence intelligibility ranking across the two types of distortion. 
Method
For comparison with the speech in broadband white noise conditions of the current study, data from two narrow-band filtering conditions selected by Healy and Montgomery (2006) were employed. As in that previous study, the primary interest did not lie in the particular processing performed but, rather, in the creation of conditions formed by narrow-band filtering that produced appropriate overall mean intelligibilities of the CID sentences. Because the ANOVA model used here (Cornfield & Tukey, 1956) was developed for equal sample sizes, 15 of the 20 listeners in each of the filtering conditions were randomly selected for comparison with the current S/ N conditions in which separate groups of 15 listeners were employed.
The 60PC condition was created by filtering the sentences to a single 1 /3 octave centered at 1500 Hz and having slopes of approximately 300 dB per octave. This condition produced a group mean intelligibility score of 57.0% (SD = 6.0%), which was comparable to the value of 63.7% (SD = 6.4%) observed in the -18 dB S/ N condition of the current study. The 40PC condition consisted of a pair of pure tones amplitude modulated using the temporal envelopes from a pair of speech bands. A 1415-Hz tone was modulated using the envelope of a 1/6-octave speech band having an upper bound at 1500 Hz (1336-1500 Hz), and a 1589-Hz tone was modulated using the envelope of a 1/6-octave speech band having a lower bound at 1500 Hz (1500-1684 Hz). Temporal modulations were limited in rate by the bandwidth of the narrow speech bands (164 Hz and 184 Hz, respectively). Similar to the 60PC condition, the resulting stimulus was centered at 1500 Hz and had a bandwidth of approximately 1 /3 octave. It produced a group mean intelligibility score of 40.1% (SD = 8.5%), which was comparable to the score of 46.0% (SD = 7.2%) observed in the -20 dB S/N condition. The sentence recordings were identical to those employed in the current S/N conditions, as was the selection process for NH young adult subjects. The intelligibility testing procedures were also identical, including the use of Sennheiser HD 250II headphones and 10 SPIN practice sentences prior to hearing 100 CID sentences in a single condition.
Results and Discussion
Analysis 2a : Variance accounted for. These data, involving the mean percentage of key words correct per sentence per listener from 15 listeners in each condition, were processed in an ANOVA through use of the model in Table 1 (note that now, a = 4 conditions). The results of the analysis are shown in Table 4 . The interaction was statistically significant ( p < .001), as were all main effects. It is instructive to compare this analysis, involving the two types of acoustic distortion, with that shown in Table 2 , which involves only distortion produced by adding noise. First, note what has remained relatively constant: The error term is in the 53% range in both cases, and the variance due to condition is within 0.2% (5.0% vs. 4.8%), as is the very small listener effect (2.6% vs. 2.4%).
Importantly, the change that occurred due to the introduction of both types of distortion in the analysis in Table 4 involved the redistribution of the variance from the sentence effect (39.4% reduced to 27.9%) to the Condition × Sentence interaction (1.2% increased to 11.5%). This change is consistent with a weaker sentence effect when two different types of acoustic distortion are compared-that is, to a notable extent, the sentences that are highly intelligible in noise are not necessarily easily recognized under narrow-band filtering, even though the general level of difficulty (seen in similar overall intelligibilities of the conditions) is comparable.
This across-distortion attenuation of the sentence effect can be illustrated, for example, by CID Sentence 11, "The water's too cold for swimming." It had a mean intelligibility of 1.3% when presented in broadband noise at -20 dB S/N but was 83.3% correct under narrowband filtering (40PC), despite very similar overall levels of performance in the two conditions (46.0% and 40.1% correct, respectively).
Analysis 2b: Correlation. In parallel to Figure 1 , which displays the strength of the sentence effect within the noise conditions of the current study, Figure 3 displays the strength of the sentence effect within distortion produced by narrow-band filtering across the 40PC and 60PC filtering conditions from Healy and Montgomery (2006) . In parallel to Figure 2, Figure 4 shows the sentence effect across listener performance subgroups within these same two filtering conditions. Although the overall correlation within the filtering conditions (see Figure 3) is somewhat lower than that observed within the current noise conditions (see Figure 1) , the agreement between the best-and poorest-performing listeners within conditions is remarkably similar across filtering and noise distortions (see Figure 2 vs. Figure 4) .
To further examine the strength of the sentence effect across types of auditory distortion, correlations were calculated on the basis of the mean intelligibilities of the 100 sentences from conditions in which intelligibility was degraded through the addition of broadband noise versus those conditions in which intelligibility was degraded via narrow-band filtering. To provide more general measures of the effect across distortion types, a composite score for each sentence within the -18 dB and -20 dB S/N conditions was formed (this composite score was called ALLNOISE). Similarly, ALLFILT refers to the composite of the intelligibilities of the two filtering conditions (40PC and 60PC) having intelligibility comparable to the noise conditions. In each case, a mean intelligibility for each sentence was obtained by averaging the intelligibilities of each sentence from the two conditions. The SR correlations are displayed in Table 5 . It may be seen that the correlation across conditions in which intelligibility was degraded through the addition of broadband noise and those conditions in which intelligibility was degraded through narrow-band filtering is .50. This correlation is lower than those observed in Analysis 1 within the auditory conditions degraded by noise (.88) and those observed in the previous study within the filtering conditions (.67 across 40PC and 60PC). It is, therefore, clear that the sentence effect is weaker when intelligibility of individual sentences is compared across the two types of auditory distortion.
This cross-distortion attenuation of the sentence effect is illustrated in Figure 5 , which shows the mean intelligibility for each sentence produced by the listeners hearing them in broadband noise versus scores for listeners hearing the same sentences filtered. Shown are mean intelligibilities for the composite S/N conditions of the current study and the composite narrow-band filtering conditions of the previous study. As can be seen, the scatterplots show far larger variability than do those shown in Figures 1 and 3 , which show within-distortiontype data.
General Discussion
The CID everyday sentences were designed to vary considerably in length and complexity. If a sentence effect is to appear, it would be in a set of sentences such as these. And, indeed, it seems clear that the sentence effect is strong in these sentences when the overall level of performance within a type of distortion is manipulated either by selecting the best and poorest listeners or by increasing the amount of distortion (providing a poorer S/ N ratio or reducing the effective bandwidth of filtering). Here, the sentence effect produces shared variances in the 45% to 75% range, and the Condition × Sentence interactions contribute little to the variance components. However, it is also clear that the sentence effect is weakened considerably when sentence intelligibility is compared across types of acoustic signal distortion. The two types of acoustic distortion (noise vs. filtering) show a correlation only in the .50 range.
The sentence effect was examined in the previous study across auditory conditions involving filtering and visualonly conditions of speechreading (Healy & Montgomery, 2006) . This cross-modal comparison can now be extended to compare the consistency of sentence intelligibilities across the two types of auditory distortions with that observed in speechreading. For this supplementary analysis, the correlations performed in Analysis 2 were extended to include data from two speechreading studies that used the CID sentences. Demorest and Bernstein (1992) employed 1 male talker, 1 female talker, and 104 observers. Additional data came from Hinkle (1978) , who employed 1 female talker and 20 observers. A composite visual presentation condition was created by combining the scores from the two speechreading conditions selected by Healy and Montgomery (2006) . These conditions included the male talker from Demorest and Bernstein (mean recognition = 28.5%) and the data from Hinkle (mean intelligibility = 46.4%). This composite was labeled ALLVIS. Table 5 shows the SR correlations between the pooled speechreading condition, in which the sentence materials were simply viewed with no auditory stimulation, and the two auditory composite conditions, in which the sentences were presented over headphones as a narrow filtered band or in broadband noise at low S/N ratios. The correlations were not substantially lower when presented across the visual and auditory modalities (.49 and .47), than when degraded using the two types of auditory distortion (.50). Figure 6 shows these relationships. Shown are mean intelligibilities for each sentence for the subjects hearing the materials in noise (upper panel) or under narrow-band filtering (lower panel) versus performance on the same sentences when presented visually (ALLVIS). In accordance with the correlations, Healy and Montgomery (2006) . Speechreading data are from Hinkle (1978) and Demorest and Bernstein (1992) . Values in parentheses represent 99% confidence intervals. the scatterplots show a relationship across modalities that appears similar to that observed across auditory distortions in Figure 5 but weaker than that observed within a distortion condition in Figures 1-4 . Quite remarkably, the effect on intelligibility resulting from the two forms of acoustic distortion had no more in common with one another than they did with the very different form of distortion provided by seeing only the talker's face.
Given that the particular acoustic distortions produced patterns of sentence intelligibilities that were somewhat different, it may be of interest to reexamine the correlations obtained by Healy and Montgomery (2006) to allow determination of the extent to which "filtering" constitutes a single type of distortion for the purposes of providing a strong form of the sentence effect. In that study, the mean intelligibility of individual sentences was found to be highly correlated among the conditions that involved filtering to a single narrow range of frequencies surrounding 1500 Hz (conditions 40PC, 60PC, and ADJ from Table 7 of Healy & Montgomery, 2006) . However, correlations were somewhat lower when these conditions were compared with one in which the auditory stimulus consisted of a pair of narrow spectral bands centered at 530 Hz and 4200 Hz (the 3-OCT condition). Although there remains considerable agreement among listeners hearing the single-versus the dual-band filtering conditions, this agreement is attenuated relative to the within-single-band comparisons. Therefore, for the purposes of describing the sentence effect, it may not be sufficient to consider filtering a single homogeneous distortion type. Rather, stronger forms of the sentence effect may be observed when the definition of distortion produced by filtering is further restricted to that provided by single versus dual bands or perhaps low-pass versus high-pass conditions. Clearly, the sentence effect is distortion dependent, to some extent. Perhaps it should not be surprising that acoustic distortions produce patterns of intelligibilities that are different than those of speechreading-the complementary nature of visual and auditory speech cues is well known. Although place of articulation is easily confused under audition, it is easily accessible from the talker's face (Miller & Nicely, 1955) . However, the two acoustic distortions also produced distinct patterns of sentence intelligibilities. This can be understood in terms of distortion-specific influences on the acoustic speech signal. The addition of broadband noise has the effect of masking the lower-intensity portions of the signal. But the strongly voiced phonemes (e.g., vowel formants and their transitions) are less affected. Filtering will eliminate particular frequency-specific speech cues, and this will depend on the particular filtering parameters. Narrowband filtering can eliminate formants and transitions that lie outside the narrow band. The same can be true for high-pass filtering. Low-pass filtering can potentially reduce the availability of spectral balance cues differentiating higher frequency fricative sounds.
However, the attenuation of the sentence effect across auditory distortions can also be considered somewhat surprising, given that other aspects of the acoustic signal remain despite different acoustic manipulations. For example, temporal cues indicating syllabic structure, prosody, and voicing can be available across a large portion of the spectrum at relatively high intensities (cf. Rosen, 1992) .
Although in an attenuated form, the sentence effect was found to be present across the three types of signal distortion. This effect accounted for approximately 25% of the variance among sentence intelligibilities, and the residual (or "true") sentence effect, therefore, appears to be in this 25% range. In general, it may be said that the characteristics of a sentence, regardless of the acoustic or visual form of distortion, or of the talker or listener, contribute moderately to the intelligibility of a sentence. These characteristics are apparently contained in the sentence itself and could, in theory, be ascertained through examination of the sentence typed on paper. For the purposes of discussion, this set of enhancing characteristics is called the set of linguistic factors.
It is possible to propose several sources of variability in individual sentence intelligibility that either enhance or reduce the strength of the sentence effect. For example, if differences in syntax complexity produce differences in sentence intelligibility (cf. Wang, 1970) , then syntax could be considered a source (enhancer) of the sentence effect because it is unaffected by the particular form of distortion. Alternatively, if 1 talker produces the sentence rapidly and a talker in another study says it more distinctly, then talker variability would add statistical "noise" to the intelligibility data (the sentence would be easy in one experiment and more difficult in another), thus reducing the sentence effect.
Tables 6 and 7 contain lists of possible sources and inhibitors of the sentence effect with examples of each source. Note that all of the sources of variability that promote the sentence effect are linguistic characteristics of the sentence that would be apparent even in its written form. These are characteristics that potentially exist regardless of recording or presentation conditions. To the extent that linguistic factors overcome the particular detractors that are present, the sentence effect will manifest itself. Many other contributors to sentence intelligibility could be postulated, and the relative weights of these potential factors form a complex topic. However, it is an area of research that could potentially increase our understanding of the processes underlying the perception of spoken sentences.
Although the a priori specification of sentence intelligibilities may be difficult to ascertain from various linguistic characteristics, the current study shows that listeners' performance on individual sentences is highly correlated when a single type of signal distortion is employed. Thus, the relative intelligibility of particular sentences may be ascertained empirically through use of the current techniques and relatively small numbers of participants. This information may be important in the development of auditory tests in which different sets of sentences have particular characteristics (cf. Lord, 1980; van der Linden & Hambleton, 1997) . These desired Table 7 . Examples of sources of variability in sentence intelligibility that potentially reduce the strength of the sentence effect.
Source Examples

Talker variation
There may be an interaction between talker and sentence.
Type of distortion
There may be an interaction between distortion and sentence: Narrow-band filtering at 4000 Hz may promote fricative identification, whereas broadband noise may favor recognition of the more intense vowel sounds. This is especially apparent when comparing speechreading with listening.
Listener idiosyncrasies
There may be an interaction between perceiver and sentence: One listener may be familiar with the topic of a sentence, whereas another is not.
General within-listener variability
Differential changes in perceiver competence through practice or fatigue may add statistical variability to the mean performance for each sentence. characteristics may include equivalence in mean intelligibility across lists and also predetermined variability of constituent items within lists. A test having items clustered around a particular level of difficulty can be useful for differentiating individuals that lie above or below a particular predefined level of performance. Alternatively, greater item heterogeneity can better reveal individual differences in test-takers having varied abilities. It is also possible, with relative ease, to reconfigure the sentence items into lists that provide similar variability but produce systematically varying levels of mean performance. Such tests may be useful in the focused evaluation of communication systems designed to transmit everyday speech materials of varying difficulty. These tests may also be useful in the (re)habilitation of individuals having speech reception deficits by allowing practice on materials having graded levels of difficulty and assessment of abilities at each level.
Conclusion
The sentence effect, defined by Healy and Montgomery (2006) as the extent to which a particular sentence retains its intelligibility relative to other sentences within a set, appears to be strong across a variety of auditory testing conditions in which the signal is degraded either through filtering to a narrow band or within conditions in which broadband noise is added to broadband speech. However, the effect is weaker across the two types of auditory distortion-sentences that are easily understood in noise are not necessarily the same sentences that are easily understood under filtering. In fact, the strength of the sentence effect across those two auditory distortions was found to be approximately equal to that observed across the auditory and visual modalities. The sentence effect remains to some extent, however, even across distortions. The variance accounted for in these attenuated across-distortion forms of the sentence effect (roughly 25%) is likely attributable to linguistic aspects of sentences that are independent of the medium of transmission and instead are characteristic of the particular strings of words themselves.
Appendix. Calculation of variance components from mean squares.
Once the ANOVA has been determined, as seen in Table 1 , the variance components are easily calculated. Note that each effect, such as the sentence effect (SENT), is represented as a sum of weighted components in Table 1 The variance attributed to each effect may then be calculated through algebraic manipulation of the mean squares. The error term S×L (C) is already available, seen in the model above as:
S x L (C) = 834
To solve for the COND×SENT interaction, the S×L (C) term is subtracted from the interaction equation as follows:
EFFECT COMPONENTS Table 2 .
